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AFRODYNAMIC CHARACTERISTICS OF A 42° SWEPT-BACK WING WITE RS
'ASPECT RATTO L AND NACA 6h,-112 ATRFOIL SECTIONS AT
REYNOLDS NUMBERS FROM 1,700,000 TO 9,500,000

By Robert H. Neely and D. William Conner
SUMMARY

Wind-tunnel tests were made of a 42° swept-back wing to deter-
mine low-sgpeed merodynamic characteristice in pitch and in yaw at
high Reyiuolds nunbers. The characteristics in pltehr were obtained
over a Reynolds nurber range from 1,700,000 to 9,500,000 and the
cheracteristics in yaw, from 1,700,000 to 5,300,000, The wing hed an
aspect ratio of 4, a taper.ratio of 0.625, end NACA 6k;-112 airfoil

gsections normal to the 0.273-chord line.

The wing characteristics at high angles of attack were greatly
influsnced by Reynolds nuxmber in the range from 1,700,000 to 5,300,000
but were little affected in the ranges from 5,300,000 to 9,500,C00.
The principal effect of irncressing the value of Reynolds number was
to delay wing stalling to higher angles of attack.  The maximum 11ft
coefficients in the higher range of Reynolds number were gbout 1.1
without f£lops and about 1.3 with half-gpan split fleps dsflected £0°.
Abrupt tip stalling caused unstable changss in the pitching moment
at maximum 1ift. The effectlve dihedral parauster C, ¥ varied

approximately linearly with 1ift coefficient at a Reynolds numbsr
of 5,300,000 and reached a maximm velue near maximum 1ift of
about 0.0040 without flaps and 0.0050 with flaps.

At Reynolds numbers greater than 1,700,000 roughness 1in the
form of carborundum grains spplled to the wing leading edge had a
large adverse effect on 1lift, drag, and pitching-moment characteristics.
Roughness also reduced the maximum velues of C‘z‘r.
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IRTRODUCTION

Highly swept-back wings are being employed as a means of
minimizing corpressibility effects at high subsonic ernd supersonic
gpeeds., ILarge amounts of sweep heve, however, presented problems
in obtaining adequate maximum 1lift and satlsfactory stability and
control characteristics at low speeds. TLow-scale tesis (see, for
example, references 1 and 2) have shown that unsatisfactory
variatione in the low-speed merodynemic characteriatics may be
obtained, which result to a large extent from the spanwise flow
of the alr In the boundary layer. Because of the depsndsnce of
boundary-layer bshavior on Reynolds nunber, the need for aercdynamic
deta at large values of Reynolids nunber ls apparent. Accordingly,
wind-tunnel teste have been made in the langley 19-foot pressure
tunnel  of & particular swept-back wing to determine its low~speed
characteristica up to reasona.'bly high va.lues of Reynolds number.

The wing had a sweepback angle of hzo, an aspect r_a’cio of k,
and NACA' 644-112 airfoil sections normal to the 0.273-chord linme.

Aerodynamic cheracteristics in pitch were determined over a Reynolds
nuriber range from 1,700,000 to 9,500,000 and asrodynamic charac-
teristics in yaw, from 1 700,000 to 5,300,000. Tests were made cf

the plain wing, the wing with pa.x*tial-span split flaps, and the wing with
e gpoller-type lateral-.control device for conditions of 1ea.ding edge
smooth and leading edge rough.

COEFFICIENTS AND. SIMBOLS

The date are referred to e system of stebility axes shown in
figure 1. Moments are referred to the quart-er-ohorcl point of the
mean serodynamlic chord.

Cy, 1184 coéfﬁcient (-I.'iﬁ>
_ _ =5
Cp drag coefficlent (—-S-
| X
Cx Jongltudinal-force coefficlent (a-s-

Y
CY lateral-force coefficlent (E)
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Lift =
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N
rolling-moment ccefficient (E?Ii'ﬁ)

7/

"M
pltching-momernt coefficient &Eg.g

yewing-moment coefficient (E%%)

Reynolds numbsr {/ Ez-—c)
AN

free-stream Mech number (V/a)

angle of attack measured in plane of symmelry, degrees
angle of yaw, degrees; positive vhen right wing is beck

rate of change of roliling-moment coefficlert with angle of
aC4\
yew, per degres > }

rate of changs of yawing-moment cosfficient with angle of
yaw, per gree —
’ \5v /

rate of change of mtgml-force coefficlent with angle of

yaw, per degree | ——
3 51!'}

rate of change of effective dilhedral parameter with 1ift
cosfficlent, per degree

~Z

drag (-X &t zero yaw)
lengitudiinal force
lateral Fforce
vertical force
rolling moment

pitching moment
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N yewing moment
S wing aresa
b wing epan
o bv/2
c meen aercdynamic chord |gJ o c2 dy}; measured parallel
to plene of symmetry
X dlstance from leading edge of root chord to quarter chord
é b /2
of meen serodynamic chord g cx dy |; measured
' )
parallel to plane of symmetry
c local chord; measured parallel to plene of syrmetry
% longitudinal distance from leading edge of root chord to s
quarter-~chord point of each section; measured perallel
to plene of symmetry
¥ gpanwvise coordinate )
/
] free-gtream dynamic pressure (%pvé)
v free~streem velocity
p mans density of air
13 coefficlent of viscosity
8 velocity of sound

MODEL -

The plan form of the wing is shown in figure 2. The angle of
aweep of the leading edge is 42° and the wing asectliona perpendicular
to the 0.273-chord line ares NACA 644-112 airfoil sections. The

0.273~-chord line of each wing panel is the quarter-chord line of &
stralgnt panel which hes been rotated 40° ebout the quarter-chord
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point of lte root chord. The alirfoll sectlons perallel to the plens
of symmebtry have a maxirum thickness of 9.6 percent chord located at
approximately 38 percent chord. Tne espect ratio is 4.01 and the

i)
taper ratio is 0.625. The tips are rounded off beginning at 0.9755

in both plan form end cross section. The wing hes no geometric
dihedral or twist,

The gpan of the split flazps 1s 50 percent of the wing span.
(See fig. 2.} The flap chord is 18.4 percent of the chord and
the flap deflection with respect to the hinge line is 60° measured
between the wing lowsr surface and the flap.

The instellation of the spoiler is shown in figure 3. The
helght of the spoiler, 0.052 chord, is equal to the wing thickness
et the chordwlse station where the spoiler is located.

The wing was constructed of lamirated mahogeny and the flaps
and the spoller were of sheet metal. The wing was lacquered and
sanded to obtein a smooth surfece. A leading-edge roughness was
obtained by application of No. 60 (0.0ll-inch mesh} carborundum
grains to a thin lsyer of skellac over a surface length of 8 percent
chord messured from the leading edge on both upper end lower
surfaceg. The grains covered 5 to 10 percent of the affected area.

ATPARATUS AND TESTS

The tests were made in the ILangley 19-foot pressure turmel.
The mounting of the wing for the pitch teste 1s shown in figure b
and for the yaw tests in figure 5. TFor the yaw tests the end of
the support sbrut wes shielded by & falring formed by a part of a
gphere to which was ettached an afterbody. The faliring was 20 inches
long, 14 inches wide, and extended 4 inches below the wing surface.

The pitdh charaecterlstics of the smooth and rough wings with
and without eplit flaps were determined at zero yaw through en
engle-of -attack range at the following Reynolds numbers end Mach
nurbers:
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Tunnel pressure
R M, §absolute)
1b/sq in.)
1,720,000 0.100 14,7
3,000,000 070 33
k, 350,000 .098 33
5, 306,000 120 33
5,800,000 54 33
8,100,000 .186 33
9,500,000 .220 33

Six-cbmponent data were ottained for ths wing with spcller st e

Reyholds number of 5,300,000,

Stall characteristicae were studied

at Reynolds numbers of 1,700,000 and 6,800,000 by means cf tufts
attached to the upper surface of the wing beginxning at 20 percent
chord for the wing smooth and 10 percent chord for the wing rough;
however, only date at a Reynolds number of 6,800,000 ere presented

heresin.

The aerodynamic charecteristics of the wing with the leading
edge both smooth and vrough were obtalned through an angle-of-yaw
range of -10° to 25° at several angles of attack for a Reynolds
nunber of 5,300,000. The lateral-stabllity paremeters of the smcoth
<" wing with and without flaps were determined from tests made throush
an engle~of-attack range for yaw angles of 150 at geveral values of
Reynolds number between 1,700,000 and 5,300,000, Similar tests were
made with the leading edge rough at a Reynolds number of 5,30C,00Q.

CORRECTIONS TO DATA

The effects of the two-support system (fig. 4} on 1lift, drag,
end pliching moment were determined by tare tests and the data at
zero yaw have been corrected for these effects. No tare tests were
made to determine the effects of the single support (fig.'5), butb
approximate corrections to the lift, dreg, and pitching moment in
yaw have been spplied. The data have alec been corrected for air-

stream mlsslinement.
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The Jet-boundary éorrections to the angle of attack and drag
coefficient, which were calculated at zero yaw from reference 3,
ars as followat:

fa = 0,99y
2
ACy = 0,01k90;

The correction to the piltching-moment coefficlent due to the
tunnel-induced dietortion of the loadlng is

aC, = O.OOhCL

. The correction to the rolling-moment coefficient due to the spoller,
as determined from reference l for an unswept wing,ils
AC

p = -0.01c,

All these corrections were added to the uncorrscted datsa.

¥o corrections have been applied to the sids Porce, yawling
moment, ernd rolling moment except for the rolling moment due to
the spoiler.

No correction hes been applied for wake blockage (reference 5).
This correcticn which is dependeént ofi the profile drag 18 negligible
for most of the data presented. For conditione of leading edgs
rough or leading edge smooth at the lowest Reynolds number, correcting
for weke blockages would reiuce the absolute values of the coefficients
vy epproximately 2 percent at high angles of attack.

* RESULTS AND DISCUSSION
Aerodynamic Characteristics in Pitch
The 11ft characteristlcs and the rolling-moment cheracteristics

near meximum lift are presented In figure 6. At some of the high
Reynolds nuwbers no test date were obtained beyond the stall because
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of excessive model vibration. The marimwm 1ift coefficlients as a
- function of Reynolds number are plotted in figure 7., Results of
tuft surveys at a Reynolds number of 6,800,060 are glven in
figures 8 exnd 9. The pitching-moment Coefficients are presented
in figure 10 as a functlion of 1ift coefficient and also, at high
angles of atteck, as a function of engle of atteck. Drag coef-
ficients are gliven in figure 11l end some informatlon on the
irfluence of the drag variations on glide characteriatics is given
in figure 12. The sercdynemic characteristics of the wing with
spoiler are shown in figures 13 to 15

Lift and stalling cha.ra.cterist*cs.- For the . smooth wing, the
lift-curve peaks (fig. b) are smooth end well rounded at the lowest
Reynolde number (1,760,600) but become sharper as the Reynolds
number is increaaed. Up to & Reynolds rumber of 6,800,000 the
velue of OCp Increased with increasing Reynolds nmber. (See

- fig.' 7. ) - The value of Cj decreased slightly with further

increase in Reynolde m.mber. The maximum values of GL obtained
mex

wers 1.12at o = 19° with flaps off apd 1.33 et o = 17° with

flaps on. '

"For the rough wing, the lift-curve pesks are well rounded and
Reynolds number has 1lttle effect on 1ift. The maximum 1ift coef-
' ficients of approximetely 0.98 with flaps of ¥ and 1.02 with fiaps on
show the low effectivehess at CLme of the flap on the rough wing.

At Reynolds mumbers greater than k4,350,000 the meximum 1ift coef-
ficlent of the rough wing with fleps on was even lcwer than the
maximum 11ft coefficient of the smooth w:tng with flaps off.

The tuft surveys show that quite different stall progressions
were obtained depending on the Reynolds number or surface conditien
of the wing leading edge. Stall studies for the smooth wing at
R = 6,800,000 (fig. 8) show outflow along the rear part of the wing
beginning at moderate 1ift coefficlents. Beyond CL the wing

stalls rather a.'bruptly over the outer half of the wing. This type
of stell may be dangerous in lending. Stalling wes not always
symretricel, as can be seen by the stall studles in figure 8 and
the rolling-moment date in figure 6. The agymmstrical stall results
from asymuetries in the wing and/or tunnsel sir flow.

The stall_progressions for the smooth wing at the lowest
Reynolds number (1,700,008) and the progression for the rough wing
at any Reynolds nunbers were very similar. This simlilarity 1s also
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borne out by.the force data. For the rovgh wing (fig.9) and for

the smooth wirgat R = 1,700,000 (data not presented) appreciable
outflow was first ottalned neer the leading edge over the outer part
‘of the wing. As the . angle of attack was increased the general
direction of the tufts on all parts of the wing moved In a clock-
wlse direction on the left wing snd counterclockwlse on the right
wing. Any reglon where the direction of the tufts was forward of

the perpendicx.la.r to the wing center line was interpreted as &
stalled region. Stalling began near the leading edgs (0.10c to 0.20c)
from 50 to T5 percent of the semispan. Stalling progressed gradually
rearward and famned out until, at maximum 1ift, only the center third
of the wing was unstalled. No large changes in rolling moment
~occurred for the rough wing. '

. On the basis of the tuft surveys the stalling cheracteristics
_of both the smooth and the rough wings are considered undesirable
'because of tip staelling.

_ Pitching-moment charncteris'bics.- At R = 1,700,000 and at &
moderate value of 1ift coefficient there 1s a decided. increese in
stability as determined from the varie.tion of pitching-moment
coefficient with 1ift coefficient (fig. 10}. Then &t angles of
attack several degrees below that for maximum 1ift unstable changes
-In pitching-moment cosfficient occur, which result in a pitching-
moment curve  of & decided reflexed shape. The unatable veriation
of the pitching-moment coefficlent apperently results from separation
which occurred premstursely on the outer part of the wing. When the
Reynolds number is increased to 4,350,000 end to higher values, the
pitching-mement curves are more nearly linear up to the maximum 1ift
and, for these conditions, unstable chenges in pitching moment
resulting from $ip stelling occur after the maximum lift coefficient
has been attained. For Reynolds numbers of 6,800,000 to 9,500,000,
initlal test results for tke wing with no fla.ps, a.lthough limited,
indicate only small variations in pitching-moment coefficlent at
high angles of attack; hence the wing for these conditions might be
considered to have marginal stabllity. Check tests, in which the
wing surface was cbsgerved to have deteriorated slightly, show that
the wing is definltely unstable at the astall. ¥Yor design consid-
erations, it is more practicel to consider the results of the check
teats as representative.

The wing with leading-edge roughness exhibits in gensral the
same type of pitching-moment characteristics at 21l Reynolds nuidbers
as were obtainsd with the smooth wing at R = 1,700,000.
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‘Dreg cha.racteristics.- At & Reynolde number of 1 700,000, the
drag coefficient of tre smooth wing increases repidly with 1ift

coefficient, beginning at moderate values of 1lift coefficient. (See .

fig. 11.) . Thie effect may be attributed to premature stalling. At
modertte %o high values of Reynolis nunber, no large Ilncreass in
drag coei‘ficient occurs until after. GI is reeched. For the

rough wing +the lerge drag rise occurs prems.turely over the whole-
range of Feynolds number, wanich results in extremely high values of
dra.g coefficient in the vioinity of meximum l:tft.

Flight tests reported in reference 6 show thet when the
vertical velocltiy in approach exceeds about 25 feet per second the
piloting technigue requiréd for lending becomea extremely difficult.
Besed upon the data in figure 11 and a wing loading of W0 pounds per
equare foot, the smooth wing with split flaps at moderate to high
values of Reynolds number 1s calculated to have a vertica.l velocity

of 23 feet per second for lift coei‘ficients from O. X to CI

For the rough wing with. flaps, the vertical velocit:y varies from 30
to 50 feet per second between . 0. 8501._‘!ﬂa .and C » These
x I'mex .

variations are more clearly shown in figure 12,

Spoiler characteristi cg.- The gpoiler produced a meximum value
of €3 of about 0.013 with fleps on at moderate angles of attack.

This value is considered low. The dp.ta. for the smooth wings

(figs. 13 and 14) indicate that the spoller effectiveness decreeses -

es maximum 1ift is approached and that the loss in effectiveness is
smaller when the flaps are on, Data for the rough wing with flaps
off (fig. 15) show that the spoiler ig ineffective at lift coeffi-
clents above 0.7, Data for the wing with flapa on (not presented)
show that the gpoiler ia ineffective at 1ift coefficients greater
than 0,65,

' Aerodynamic Characteristics in Yaw .
The lateral-stability parameters C-lw and Cn of the smooth

wing are plotted in figure 16 as a function of the lift .coefficient

for several values of Reynolds number. Similar data for the rough

wing are given in figure 17 for & Reynolds nurber of 5,300,000.

The lateral-stabllity parameters were obteined from the teats made

at 0° end *5° yaw. Aerodynamic characteristics through a range of

gﬁz angle at several angles of attack sre presented in figures 18
19-



NACA RM No, L7D1L 11

Rolling-moment charecterlistics.- The variatlon of the effective
dihedral paremster Czllf with 1ift coefficient was greatly influenced

by Reynolda number, particulsrly when the Reynolds number was
increased from 1,720,000 to 3,000,000. (See fig. 16.) When the
Reynolds number was increzsed the linear pert of the curve of- CZTI-’

extended over a greater 1ift-coefficient range and the meximum values
of CI\F were increased. .For the wing with flaps on, the slope of,

the curve of czx]r was increased alsc. The large scale effect shown

may be due to the particular airfoil sectionm employed.;- honce, this
result should not be considered a.pplicable to 21l wings.

At e Reynolds number of 1,720,000 end with flaps off (fig. 16(a)},
Czﬂt increased linearly with CI. in the low lift-coefficlent range

end reached a maximum velue of 0.0020 at Cy, = 0.5 to 0.7. The value
of cl\lf then decreased and finally reversed in ‘sign; that 1s, &

negative dihedral effect was cbitained. With flaps on and at the
same Reynolds nu.miber (fig. - 16('0;) s Czﬂf increased with 1ift coeffi-

cient to a maximm valus of 0.00311- at Cp = 1.05 and then decreased

repidly. For R = 5,300,000, the curves were linear over most of
the 1ift range a.nd. tHe mximum velues of sz obteined were

about 0.0040 a:b CL 0.9 with flaps off and 0,0050 at Cy = 1.25
with flape on. The change in Oiw per unit change in Cp is

approximately 0.004% in the linear renge of the curves for all
conditions except for the condition of flaps on and R = 1,720,000,
for which the chenge is 0.0026. TFor thils wing,the almost blank
wing tipe may contribute as much as 15 perceant to the value

of BCz\F[BCL. (See refersnce T.)

The variations of Cz* with 1ift coefficient for the rough

wing at a Reynolds number of 5,300,000 (fig. 17) are similar to
those for the smooth wing at e Reynolds nunmber of 1,720,0C0. The
maximim values for the rough wing are approximately 60 percent of
those for the smooth wing at & Reynolds number of 5,300,000. The
maximum values were obtained nsar the 1lift coefficlent at which
stalling first began {fig. 9). Iittle scale effect on 07«4, is
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_-expected for the rough condition inasmch as there was only a smell
gcale effect on the a.erod.yna.mic charecteristics of the rough wing
in pltch.

As an aid in interpreting the valuss of Cz* in terms of

. effective dihedral, 1t way be noted that & wmit change in geometric
. dihedral angle on & 40° pwept-back wing caused a change in C‘Lq,

verying from 0.00018.at Cy = 0.2 to 0.00012 at Cp, = 1.0 (reference 8).

The slope of the curve of rolling-moment coefficient aga.inst
engle of yaw (£1g. 18) decreased at angles of yaw above 10° Ffor the
gmooth wing &t high engles of attack. For the rough wing, the
curve of Cy for the flaps-off, high angle-of-attack condition

{fig. 19) has a negative slcpe (negative effective dihedral) at
smell a.ngJ.ee of ys.w but has a large positive slope at angles of
yaw above 10°,

Yawing-moment cheracteristics.- The values of Cn* for the

) Bmooth,wiﬁg at. the higher Reynolds nunbers increesed negatively with
1ift coefficient,which indicates increasing directional etebllity.
Maximm velues of C were sbout -0.0008 at Cp, = 1.0 with flaps

nw

off and -0,0013 at Cp, = 1.25 with flaps on. For the smooth wing

et R = 1,720,000 ani for the rough wing et R = 5,300,000,
irregular variations in Cp By are shown in figures 16 and 17 at

moderate to high 1ift coefficients.

Ag shown in figure 18 the yewing-moment curves of the emooth
wing at high angles of attack show reversals at anglea of yaw
above 10° and 15 .

CONCLUSIONS

An Investigation was made of a 420 awept~back wing of aspect
ratio 4, taper ratio 0.625, end NACA '6L;-112 airfoil sections to

determine its low-speed asrodynamic characteriatics in pitch and in
yaw &t high Reynolds nunbers. The following conclusions were
Indicated:
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1. The wing characteristics at high angles of attack were
greatly influenced by Reynolds nuriber in the range from 1,700,000
to 5,300,000 tut were little affected in the range from 5,300,000
to 9,500,000. The principal effect of Increasing the value of
Reynolds nuniber was to delsy wing stalling to higher angles of attack.

2, The maximum 1ift coefficients in the higher range of Reynolds
nunber were ebout 1.l without flaps and ebout 1.3 with half-span
eplit flaps deflected 60°. Abrupt tip stalling caused unstable
changes in the pitching moment at maximm 1ift.

3. The effective dihedral parameter C;, veried spproximately -

linearly with 1ift coefficient at a Reynolds mumber of 5,300,000 and
reached & maximum velue near meximum 1ift of about 0.0040 without
Tlaps and 0.0050 with flaps. _

L. At Reynolds numbers above 1,700,000, roughness in the form
of carborundum grains applied to the wing lerding edge had & large
adverse effect on 1ift, drag, and pitching-moment characteristics..
Roughnesas also reduced the maximum values of Czllf . :

5. The maximm stetic rolling moment produced ‘by e 0.475
semispan spoller at 72 percent chord.wzs onty 0,013,

Langley Memoriel Aeronasutical Ia;bora.tory
National Advisory Comnlttee for Aeronautlcs

Langley Field, Va.
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Figure 4,- Wing mounted for pitch tests in the Langley 19-foot pressure tunnel.
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Flgure T.- Variation of maximum 1ift coefficlent with Reynolds number.
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Figure 8.-Stalling characteristics of 42° swept-back wing with
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Flgure 16.- Lateral-stability parameters of amooth wing
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Figure 17.- Lateral-stablility parameters of wing wlth
leading=-edge roughness. R = 5,%00,000.
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